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Food Safety: a HUGE Issue! \

“CDC estimates that each year
roughly 1in 6 Americans (or 48
million people) gets sick, 128,000
are hospitalized, and 3,000 die of
foodborne diseases...”

“‘Reducing foodborne illness by 10%
would keep about 5 million
Americans from getting sick each
year.”

From: http://www.cdc.gov/foodborneburden/PDFs/FACTSHEET_A_FINDINGS_updated4-13.pdf



NcsTatEUNVERSTYR
Economic Burden — Scharff, 2012

Two cost-of-illness models (basic and
enhanced) with each accounting for health-
related economic costs associated with
foodborne illness

— Includes estimates of loss in productivity as well
as actual treatment costs

— enhanced model includes a measure for lost
guality of life

— Costs calculated based on individual pathogens

Average cost per case of food

— enhanced cost-of-illness mode&:
$3,073)
— basic model: $1,068 ($683 to $1,646)

Aggregated annual cost of illne
- $77.7 billion

— enhanced cost-of-illness mod€
($28.6 to $144.6 billion)

— basic model: $51.0 billion ($31.2 to $76.1 billion)
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FIGURE 1. Economic cost of foodborne illness in the United
States (values given in millions of U.S. dollars).



TABLE 1. Number of reported foodborne-disease outbreaks, cases, and deaths,
NC STATE UN|VERS|TY - by etiology — WUnited States,® 1993-1997"

Dutbreaks Cases Deaths
Eticlogy Mo [%al Blo. %) Mo [a)
Foodborne
Bacillua cersws 14 i 0.5] 691 [ nH] ] DO i ]
" Brucella 1 {0 19 [ il o [ i)
D Ise a Se " Campylobacter 25 | 0. 539 [l 1 {34
" Clostridivm batalinwn 13 i 0.5) =11 [ 1] 1 i x4
. . Clogtridivem perfringens &7 i 21 2173 [ 3.2 Lx] DR W ]
Etlologlc Agents Escherichia coli B4 | A1) azEd [ A&l 8 | 276
Lisfaria monocpTogse mas 3 {01 100 [ 1] 2 &G
Saimaneila 357 | 13.m 32610 [ 37.49] 13 1 44,8
1 993 1 997 Shigella 43 1.8 1,665 [ 1.8 0 00
— Sraphylococcus auraus 42 i 1.5] 1,413 [ 1.8] 1 i 24
Streplocdccus, group & 1 0o 123 [ 1] o DO ]
Strepfococcus, other 1 LR i R ] & [ Ll ] DR i ]
ibkrio choleras 1 1 0. > [ 0 [ i )]
Most re po rted Vibria parahaemolyticus 5 | 0.2 ap [ 0.0] o { 0.0
Yerasima enterocalifica 2 LI i A 27 [ il 1 [ I 3]
Other bacterial & LI BOD [ .7l 1 [ 1
outb read ks dan d Tatal bacterial 655 [ 23.8) 43821 i 50.9] 28 | 96.6)
Chemical
cases are caused Ciguatoxin &0 {23 205 [ 0.2) L] [ Do
Heewy metals q {01 17 [ 0l 0 [ o ]
B Monosodium gluteamate 1 §  0uD 2 [ 0 a [ M ]
by bacterla. Mushroom poisoning 7 L 4 21 [ 0.0] 0 [ 0.0
. Scombrotoxin &9 { 2.5) 297 [ 03] 0 i 0.0k
Shellfish 1 {1 0.0 3 [ 0ol 0 i 0.0k
Other chemical G 1 0.2 n [ 0.0 0 i Dok
Total chemical 148 | G.4d) 576 [ 0.7 o [ K]
«Salmonella o
Gilardia lamblia 4 i 45 [ 1l 0 0.0k
‘CampyIObaCter Tnchinella spuralis 2 i LT 19 [ 0.l 0 i 0.0
. Other parasitic 13 {1 0.5) 2,281 | 2.6l 0 {00k
'E, COII Total parasitic 18 [ am z.325 [ 27 o (o)
. Wiral
OCI perfﬂngens Hepatitis A 23 { 0.8 729 [ 0B o i 0.0
Morewalk =) ionaE 1,233 1.4 L] ( O0k
.Sh’ge”a Other viral 24 | 08 2104 | 2.4 0 0 00
Total viral 133 | 2.0) 4, DiEE [ 4.7 o [ R
Confirmed etiology a7a | 31.49) 50,788 [ 59.01 ] | BE.6)
.Staph' aureus Unknown eticlogy 1,873 | 88.1) I5,270 [ 41.00 1 [ Y
Total 199315997 2,751 (100.0) 56,058 1 100.0] i (1000 0k

*“Includes Guam, Puerto Rico, and the WS, VWirgin lslands.
fTotals might wary by <1% from summed components becauss of rounding.
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Bacteria VS. Viruses
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Foodborne Disease: Etiologic Agents, 2006 — 2010

e HuNoV are the most common Known Causes of Foodborne
ffoodb il lliness Outbreaks, U.S.,
cause of foodborne illness 2006-2010
Parasites

* Over 5.5 million cases of all
foodborne illnesses each year
are caused by human
noroviruses (Scallan et al., 2011)

Norovirus

49%

 May be a significant cause of Bacteria
] 40%
foodborne disease of unknown
etiology
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Human Noroviruses: What’s the big deal?
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New Norovirus Strain Rips Through The U.S.

by SCOTT HENSLEY
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Norovirus outbreak shuts Maidstone
hospital to visitors

A Kent hospital has been closed to visitors
following an outbreak of the norovirus bug.

January 25, 2013 12:10 PM

Three wards at Maidstone Hospital have been

17 December 2012 Last updated at 17.07 ET T K 40360 0 new admissions and famly and
SanJose SFUAIPOR  UaKiana ALERT friends of pa have been toid to stay away.
= ) ] Norovirus outbreak shuts fifth Margate G s T e i 5 Tk anid
« KTVU.COM ~ SEVERE WEATHER 2 i 27 patients had novowkun
. hospital ward 7 pot .
38° 43° 41° Radar | Ext Forecast
s el Atotal of 83 people have been affected by the wintervomiting bug o oo o0 Four wards have also been closed at The
at an east Kent hosplital elate Queen Elizabeth the Queen Mother Hospita
(QEQM) in Margate because of the bug.
Five wards at the Queen Elizabeth the Queen Mother Hospital (QEQM) Norovirus ouf§
HOME WEATHER NEWS TRAFFIC SPORTS BUSINESS MARKETPLACE ENTER] In Margate have now been closed 1o new admissions. hits hospital

East Kent Hospitals University NHS Foundation Trust said 65 patients
and 18 members of staff had norovirus.

The norovirus bug can last for two or three days. People can be
infectious for 48 hours before any symptoms appear

The trust has told patients and visitors suffering
from vomiting, sickness and diarrhoea to avoid
coming to the QEQM

Whatis the winter vomiting bug?

away from the Kent and Canterbury Hospital OO
HOME > NEWS > LOCAL and William Harvey Hospital "’ “

Posted: 9:50 a.m. Thursday, Jan. 17, 2013

Possible norovirus outbreak sickens dozens at
Lafayette elementary school

Edemai | 2| A 10 0 175
ViewLarger fg  KTVU.com i share - 616 585 [ Twiter 31 0 =

LAFAYETTE, Calif. — A
suspected norovirus out]H CHAPEL HILL, N.C. — Health departments across North
sickened dozens of studg pLass Carolina have reported norovirus outbreaks in recent weeks,
at a Lafayette elementa EHCEE . . . .

prompting state public health officials to issue an alert

school last week.

On Friday, more than 10 TLIESdE}'.
students were absent fro {
Burton Valley Elementa The state Division of Public Health doesn't track norovirus,

Schook==more:than;follr so officials don't have specific numbers of people sickened
times the normal absenc]

rate, Lafayette School Di by the gastro-intestinal bugs. They said, however, that eight
Superintendent Fred Bril

Burton Valley Elementary School




Disease Burden

Human Noroviruses (HuNoV)
are the Ieadmg cause of acute Outbreaks of Acute Gastroenteritis, 30 States
gastroenteritis in all age groups Jan 2007-Apr 2010

o . 600
in the United States (CDC

estimates):

" M Norovirus Outbreaks
| @ Non-norovirus Outbreaks

500

GII.4 New Orleans
strain emerged

400

e 21 million cases,
e 70,000 hospitalizations, and
* 800 deaths annually
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Number of Outbreaks
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Norovirus in the U.S.

e 20 million Americans
will get norovirus this
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e About 365 foodborne
norovirus outbreaks
happen each year
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* Most outbreaks happen Month, 2009-2012
in the winter (but this is

changing...)
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Discovery of the Norwalk Agent

*  “Winter vomiting disease” in
1920’s

 Human challenge studies (1940s
and 1950s) sought to identify
causative agent of “acute non-
bacterial gastroenteritis’

 In 1971, electron microscopic
examination stool specimen
collected from 1968 outbreak in
Norwalk, Ohio revealed presence

Of 27 nm pa rtIC|e Kapikian, A. Z., Wyatt, R. G., Dolin, R., et al. (1972). Visualization by

immune electron microscopy of a 27 nm particle associated with
acute infectious nonbacterial gastroenteritis. Journal of Virology, 10,

e Subsequent human challenge 1075 1081
studies confirmed this as the
infectious agent
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Miserable Symptoms

The Norovirus: A Study in Puked
Perfection

by Carl Zimmer

Today, The Guardian relayed one of those stunning medical stories that
causes me to clean off my glasses and take another look to make sure I'm
reading it clearly. They report that an outbreak of norovirus in Britain this

winter has struck more than 1.1 million people with vomiting and diarrhea.

"

Carl Zimmer is an award-winning science

That’s right: 1.1 million. In Britain alone.

- = 2 5 : A s 4 : writer whose work appears frequently in the
* “Within a day of infection, noroviruses have rewired our digestive
system so that stuff comes flying out from both ends” — Carl
Zimmer in a recent National Geographic article.

— Vomiting, watery diarrhea, nausea, and abdominal pain.

— Usually self limiting, but in some instances (individuals with weak
immune systems), complications from dehydration can develop.



Mode of Transmission in HUNoV
Outbreaks, 20 States, 2009 (N=613)

Waterborne
<0.1%

Environmental

0.2%
Other/Unknown

7%

Foodborne
15%




Foods Implicated™® in Norovirus Outbreaks Reported
to CDC by Commodity and Point of Contamination,
2001-2008

140 -
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0

M Production & Processing
M Preparation & Service
B Unknown™**

No. of Outbreaks

*Limited to outbreaks with a simple food (consisting of a single commodity) implicated
**Insufficient or conflicting information provided in outbreak report



Foods associated with norovirus
outbreaks:

* Leafy greens
* Berries
 Molluscan shellfish

* Ready-to-eat foods

* Foods prepared by hand without a
cooking step or handled after cooking »
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What Has the Last Two De
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Genome organization and Capsid Structure

* Non enveloped; simple capsid structure
* Positive sense single-stranded RNA genome, 7.5 kb
* Protruding domain of capsid sequence important for receptor binding

a
ORF2 ORF3

ORFI
I o o o i YO

Non-structural replicase proteins VPI VP2

Donaldson, et. al. 2010. Nat Rev
Microbiol. 8(3):231-41.




A Challenge to Researchers

e No cell culture or animal model for cultivation (rely on RT-PCR)
e Adequacy of cultivable surrogates

Surrogates for the Study of Norovirus Stability and Inactivation
in the Environment: A Comparison of Murine Norovirus and

Feline Calicivirus

JENNIFER L. CANNON,! EFSTATHIA PAPAFRAGKOU,? GEUNWOO W. PARK,! JASON OSBORNE,?

infectivity reduction ( log PFU/ml)

LEE-ANN JAYKUS,2 AND JAN VINJE!*

pH stability for 30 min incubation

N VNV
1 FeVv

J Food Prot. 2006 Nov;69(11):2761-5.



A Challenge to Researchers:

The “Infectivity Dilemma”

 What constitutes a “positive” for infectious virus?
* Naked RNA vs. infectious virus
* Particle:infectious particle ratio
e Viral aggregation?
e Gradual vs. instantaneous inactivation?

 (Can we use RT-gPCR to measure virus infectivity?
* Measuring capsid integrity Infectious

* Measuring virion integrity

* Likely to be process-specific Theoretically
Infectious

 Goal: positive RT-gqPCR signal = Infectious particle

Not Infectious
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Are human noroviruses the perfect

pathogen?

Kapikian, A. Z., Wyatt, R. G., Dolin, R., et al. (1972). Visualization
by immune electron microscopy of a 27 nm particle associated
with acute infectious nonbacterial gastroenteritis. Journal of
Virology, 10, 1075-1081.



e
Characteristics of a “Perfect” Pathogen

Considerations:

Infectivity
Transmissibility
Environmental stability

Evolutionary aspects
Immune response

Morbidity and mortality

HuNoV:

Highly contagious
Rapid and efficient spread

Environmentally stable and
resistant to many sanitizers

Constantly evolving

Evokes limited and likely
short-lived immune
response

Rarely lethal
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HuNoV Infectivity

 Low infectious dose (218 viral particles)

* Copious shedding (10°-10% viral copies per gram of feces), even
among asymptomatic infections

c " Asymptomatic & Vomiting/diarhea
® m703 . [ W 706
11 4 AT04 1 " m AT10
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o s A ®
2 10 X o X716 10 .9 % 0722
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o g v @4 , & Q ’ Ll | Ao .fl\z ®
2 4 ® B g
(=] m nA ! .. ] x
& 8 5} X 8 * . ¢ & £ ¥
9 . e"gn YoEamuEw o A ¢ 2 K 2
7 7
i 5
0 1 2 3 4 5§ 6 7 8 9 10 11 12 13 14 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
Study day Study day

Emerg Infect Dis. 2008 Oct;14(10):1553-7.
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HuNoV environmental stability

 Environmentally stable
e (Can persist on surfaces for up to 2 weeks or longer

Persistence of HuNoV on common food contact surfaces

* 55D=31.3d, R*=0.7T7

& Formica D=28.5d, R*=0.89

B Ceramic D=34.4 d, R*=0.90
——RNA-SS
8= RNAFarmica
=e=RNA-Ceramic

o
o o

bt
W >

Log No. copies RNA/reaction
M2
N

[ =1 -
L5 I - ]

=

T ' T - T T 1
0 10 20 30 40 50
Time (days)
J Food Prot. 2012 May;75(5):927-35.



HuNoV Stability and Infectivity Influence
Indirect Transmission

lllustration of the direct and indirect transmission potential
of norovirus over time.

'

Direct transmission

Environmentally-mediated
transmission

Vomiting incident

Infectiousness

Day 1 Days One to two weeks

Time

Curr Opin Virol. 2012 Feb;2(1):96-102
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Persistence of Gll.4 in SGF Suspension

NV GIl.4 Persistence in Suspension

R?=0.0826

y =-0.0053x +5.43
R?=0.1871

y =-0.0175x + 5.4894
R?=0.3849

‘ y =-0.0038x + 5.3981

y =-0.0279x + 5.3993

Log Concentration

3 R?=0.5809
2 @ SGF with Rnase
B SGF without Rnase
1 A PBS with Rnase
X PBS without Rnase
0 —— Linear (SGF with Rnase)
0 5 10 15 20 25 30 35 40 45 —— Linear (SGF without Rnase)
Time (Days) ——Linear (PBS with Rnase)

—— Linear (PBS without Rnase)

Tung-Thompson et. al. 2015. Food Environ Virol. 7:32-40.

HuNoV Gll.4 persistence in suspension of SGF or PBS, over the
course of 42 days, with or without RNase pretreatment prior to RT-
gPCR
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HuNoV Resistance—Surface Disinfectants

Hypochlorite Disinfection (RT-qPCR)
6
h
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Tung et al. 2013, J. Food Prot. 76:1210-1217. q -
QAC Concentration




HuNoV Resistance—Hand Sanitizers

e Resistant to many common chemical disinfectants
— notably resistant to ethanol based hand sanitizers

Effectiveness of Liquid Soap and Hand Sanitizer against Norwalk
Virus on Contaminated Hands"

Pengbo Liu,' Yvonne Yuen,'§ Hui-Mien Hsiao,' Lee-Ann Jaykus,” and Christine Moe'*

Center for Global Safe Water, Hubert Department of Global Health, Rollins School of Public Health, Emory University, Atlania,
Georgia 30322," and Department of Food Science, North Carolina State University, Raleigh, North Carolina 27695

TABLE 1. In vivo efficacies of hand wash agents against NV evaluated by standard and modified ASTM methods®

Standard ASTM method Modified ASTM method
Exposure Avg log reduction (SD) Avg log reduction (SD)
[ n
No RNase RNMase No RNase RNase
Dry control 20 0.20 (0.28)* 0.16 (0.06)* 20 0,22 (0.25)* 0.20 (0.24y¢
Hand sanitizer 20 0.14 (031 0.27 (0.12)% 10 0.22(0.22)~ 0.34 (0.22)%
Liquid soap® 20 0.94 (0.46)8 0.67 (0.47)Y 10 1.20 (0.64)8 1.10 (0.49)Y
Water rinse® 20 0.75 (0.63)® 0.58 (0.37)Y 20 1.58 (0.48)F 1.38 (0.49)Y

* Different superscript capital letter designations in a column indicate statistically significamt differences (P < 0.05) between mean log,, reductions by disinfection/
removal treatments for the finger pad eluates with no RNase treatment (A and B) or with RNase trearment (X and Y) prior to RT-qPCR.

® There was a marginal statistical difference (P = 0.048) berween the results from the standard and modified ASTM methods for samples thar received the RNase
treatment.

¢ In comparing the results of the standard and modified ASTM methods for each disinfection/removal treatment, statistically significant differences (P < 0.05) were
observed for treatments either with no RNase treatment or with RNase treatment prior 1o RT-qPCR.

Appl Environ Microbiol. 2010 Jan;76(2):394-9.



HuNoV Resistance—Processing Technologies

Randomized, Double-Blinded Clinical Trial for Human Norovirus
Inactivation in Oysters by High Hydrostatic Pressure Processing "+

Juan S. Leon,'$ David H. Kingsley,’# Julia 5. Montes,'¢ Gary P. Richards,® G. Marshall Lyon,*
Gwen M. Abdulhafid.® Scot R. Seitz.* Marina L. Fernandez,! Peter F. Teunis.!
George J. Flick,' and Christine L. Moe'*

Hubert Departmant of Global Healih, Rolling School of Public Health, Emary University, Alanta, Geergia 30322%;
Dhited Siaves Depanment of Agriculure, Agriculniral Research Service, Delaware Stae Universioy, Dover,
Delaware 10001% Emory Universieg, Arlanea, Georgia 30322%; and Virginia Polrechnic Insinge and
State Universiry, Blackshurg, Virginia 24061*

TABLE I Distributicn of stndy subject infection stams among
oyster treatment groups

Mo, of subjects indected!
il (5%

Fhas: Treatmeni conditions postchallenge with: .,_.ﬂj;p
HFP-wearsd Unrearsd
OYSters aysters®
1 400 MPa, 25°C, Smin  3/5¢60)  TAS(4T) 10000
T @00 MPa, 6°C, Smin  010¢0)  TAS(4T) 00202
3 400MPa, 6°C, Smin 31425  TAS(4T)  0.2451

= The control groop represented the combined number of contrals cver phase
1 through phase 3 (n = 15) because sach control receved untreatsd HuMo''-
seeded raw oysters with the same amoont of HoMNoV inoculom.

* Fisher's exact teo-sided test compared each treatment group to all of the
controk (ie., the total nueaber of subjects challengsd with non-HPP treated
OFELETS ).

Appl Environ Microbiol. 2011 Aug;77(15):5476-82.
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The role of vomitus in indirect transmission

Recurring Norovirus Transmission on an
Airplane

Craig N. Thomley,' Nicola A. Emslie2 Tim W. Sprott,2 Gail E. Greening ? and Jackie P. Rapana’

VAuckland Regional Public Health Service, Auckland District Health Board, Auckland, New Zealand; ?Air New Zealand Medical Unit, Air New Zealand,
Auckland, Mew fealand; and Envimnmental Health Food Group, Institute of Environmental Science and Research, Porirua, Mew fealand

(See the Editorial Commentary by Lopman, on pages 521-22.)

Epidemiol. Infece. (20011), 139, 317-325. @ Cambridge University Press 2010
doizl 01017/ 309502688 1000098 1

A norovirus outbreak associated with environmental
contamination at a hotel

H KIMURA™ K. NAGANOI N KIMURA* M. SHIMIZU? Y. UENOY,
K. MORIKANE® anp N. OKABE®

J Infect Dis. 2012 Jun;205(11):1639-41. doi: 10.1093/infdis/jis250. Epub 2012 May 8.

A point-source norovirus outbreak caused by exposure to fomites.

Repp KK, Keene WE.
Washington County Department of Health and Human Services, Hillsboro, OR, USA.
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Barriers to Research (Detection)

Cannot be cultivated outside the human host
Many viruses, great diversity (no broadly reactive reagents)
Limited fecal stocks and reagents (vLps, antibodies)
Short-lived immunity and currently no vaccine
Lack of commercially available diagnostics

— RIDA®-QUICK (R-Biopharm AG) (EIA)

— CeeramTOOLS® (Ceeram S.A.S.) (RT-gPCR)

— Others in the pipeline (Qiagen, Cepheid, Shimadzu Corp,
Norgen Biotek, Applied Biosystems, others?)

Limiting factors:
— No broadly reactive reagents (antibodies)

— In food/environmental samples: high sample volumes, low
contamination levels (10-100 viruses in 25g or 100 ml+)
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c

-% Large volume filtration

§ = Ultrafiltration

S = Glass wool filters

O .

D g (Concentratlon )
o

E = PEG ppt.

) = Acid ppt.

= Organic Flocculation
= Cationic particles

J

[ Small volume liquid ]

!

Sample purification

Homogenization

Solid portion
e = — - ————

I5 ' = Organic solvent extraction
5¢ = Enzymatic digestion
w
§ Measures to estimate
= infectivity
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Aptamers vs. Antibodies

Antibody
* Chemical Synthesis * Animal system
* Modulate binding » Cannot modulate
condition binding condition
* Heat stable and * Heat sensitive and
recoverable binding irreversible
- Less expensive * More expensive

* Long shelf-life * Limited shelf-life



wesmreonvers ]
Results: Aptamer Magnetic

Capture Method

LoD : 1 log,, (10) Genome Equivalent Copies (GEC)/ml

CE (%)

50

40

30

20

10

CAPTURE EFFICIENCY OF SMV BY APTAMERS

M NVII-13

I MNVII-24

Log GEC

Escudero-Abarca et. al. 2014. PLOS One. 9:e106805
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Host Susceptibility

Table 1] Virus-like particle binding of synthetic histo-blood group antigens

Cenog and  Wirus-like Year  Synthetic histo-blood grou 1
gltﬁ:l:-l‘j,x‘:I particle antigen bound S ¢ Genetlcs

L1 Morwalk 1965 A HlandH3

WestChester 2001  AHlandH3 * Histo blood group antigens
L2 Southampton 1999 A H3andLe (HBGAS) and FUT-2 secretor

13 Desert Shield 1999  Le* St at us
L4 Chibia 000 A, Le*and Le* . .,
1 Hormens 1971 A o VlrUS-SpECIfIC
Weizbadan | Mone o .
. P * Host cell binding receptor or
Budz 007 MNone co-receptor
Ina il s Mome . .
3 Toranto 1998 AandH3 * Host immunity
- — * Some, but not broad, cross
OIL4.1997 1997 A, H3,Le*andLe’ p rotect | on
OiL4.2001a il s A, Le* and La® 5 .
== o * Herd immunity
OiL4. 2004 it Mo : M
OL4 2005 5 Mome * QuaSISpeCIeS
R S * Altered antigenicity
W Kouse norovirus 004 Mo

L&, Lewils arnigen 8, Pt At generalec ik

From: Donaldson et al., 2010
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Genetic Evolution

ORF1 ORF2 ORF3

P2 (hypervariable) domain of capsid
sequence likely defines antigenic
profile of HuNoV

* Previous research has identified
two regions of AA residues

associated with receptor binding.
e Site A (major epitope; 296-298)
e Site B (minor epitope; 393-395)

PLoS One. 2012;7(7) Epub 2012 Jul 26.



NC STATE UNIVERSITY

Norovirus Recognizes Histo-Blood Group Antigens on
Gastrointestinal Cells of Clams, Mussels, and Oysters:
A Possible Mechanism of Bioaccumulation

PENG TIAN,'* ANNA L. ENGELBREKTSON," XI JIANG,? WEIMING ZHONG.?> axnp ROBERT E. MANDRELL!

Development of a Fluorescent In Situ Mﬁhud for Visualization of
Enteric Viruses'
Helen Rawstharne,* Trevor G. Phister, and Les-Ann Taykus
Diepriouss =f Frod, Bioprocentbe aod Nairilon Siaooes, North Cemlioa Sizie Unsursity Raingh, Nord Czrolbe 27505
Reptived 13 Angan FAccepud & Ceraabr 003

FIG. 2. Visualization of biotinylated virus binding to the surface of onion epidermis (A) Onion epidermis after exposure to bio-HAV and
Q-Dots 655. (B) Onion treated with the Q-Dots only. (C) Onion epidermis after the bio- FIAV had beer eluted from the sarface with beaf extract
f the ©@-Dots. Image 1 shows the onion epidermis only under light microscopy, image 2 shows the Auorescence from
an overlay of images 1 and 2.
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Summary

* HuNoV: the perfect
pathogen?
— Highly infectious

— Rapid and efficient spread by
a variety of means

— Environmentally stable and
resistant to many sanitizers
and processing technologies

— Constantly evolving

— Evokes limited immune
response

— Only moderately virulent
(rarely lethal)
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Summary

e Bottom line:

— New strains will continue to
emerge (they may be
associated with more severe
disease)

— Collectively, the unique
features of HuNoV allow these
viruses to persist in the human
population

— Vaccination options
complicated

— Will likely remain a public
health challenge for years to
come
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The USDA-NIFA Food Virology Collaborative

@ Long Term Goal: To reduce the burden of food borne disease associated
with viruses, particularly noroviruses

@ Approach: Multi-disciplinary team working in an integrated manner to
develop improved tools, skills, and capacity to understand and control
food borne virus risks

@ Objectives (Cores):

= Molecular virology Detection Core

= Detection
Epidemiology & Risk

= Epidemiology and Risk Analysis Analysis Core
= Prevention and Control

= Extension and Outreach Molecular Virology Core
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= Education and Capacity Building
Control Strategies Core




Partners in the Food Virology Collaborative
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Stakeholder Engagement
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http://www.ecolab.com/Index.asp
http://www.charm.com/index.php
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Research Activities

 Molecular Virology: Develop improved methods to facilitate
the study of foodborne viruses

* Detection: Develop and validate sensitive, rapid, and practical
methods to detect and genotype HuNoV in relevant sample
matrices

 Epidemiology and Risk Analysis: Collect and analyze
population data on the burden of virus-associated foodborne
disease, including epidemiological attribution and
characterization of risk and costs

* Prevention and Control: Improve understanding the
occurrence and behavior of HuNoV in the food safety
continuum so as to inform development of scientifically
justifiable control measures.




Research: Molecular Virology
and Detection

* Key limitation to the study of norovirus is that it is uncultivable:
— can’ tgrow it in the lab >>> volunteers or stool samples from outbreaks

— Develop a culture system for this virus in the lab

* Develop sensitive, rapid, and practical methods to detect and
genotype human norovirus in relevant sample matrices, namely
food products

— mathematical modelling,
— develop novel methods of detection, and

— determining ways to discriminate between infectious and non infectious
virus



Research: Epidemiology/Risk Analyses
and Prevention/Control

e develop and apply risk models in order to estimate
the economic, endemic, and epidemiological burden
of food borne disease caused by human norovirus

* improve the understanding of the occurrence and
behavior of human norovirus
— potential alternative indicator organisms

— development of novel agents for hand and surface
decontamination

— new mitigation technologies/strategies in foods



Just a few of the ongoing areas of Research:

e Literature database — more than 2,500 articles

* Ongoing work at CDC — repository of reagents to
study noroviruses

e Comparison of different norovirus surrogates

* Prevention and Control — Assessment of High
Pressure Processing (HPP)



25 ul (Gl.6 or Gll.4
fecal suspension)
1 ul (GIl.4 VLPs)

Expose on coupons
(1x1”) for 0 to 240

minutes

Alloys Tested

Metal alloy (UNS
designation)
Copper (C11000)
Bronze (C51000)
Copper-Nickel (C70600)
Brass (C26000)
Muntz metal (C28000)
Stainless steel (S30400)

Percent copper

100
95
87
70
60

0

Elute by pipetting up
and down with PBS-
EDTA (20mM)



Rnase-H RT-qPCR &— HBGA bindi.ng |
(genome integrity) assay (capsid function)

Transmission electron
microscopy (capsid integrity)

SDS-PAGE/Western blot (capsid integrity)
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Rnase-H RT-qPCR Results (Gl.6)

O Stainless Steel B Muntz Metal (60%)
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120 240
Time (minutes)
*P<0.05

Manuel et. al. 2015. Appl. Environ. Microbiol., in press
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Rnase-H RT-qPCR Results (Gll.4)

7.00 - O Stainless Steel B Muntz Metal (60%)
B Brass (70%) = Copper Nickel (87%)
= Bronze (95%) O Copper (100%)
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A100)| PSS LSS EESLE LIS LIS DSy S
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2.00 ~

1.00 -

0.00 -

15 30

Time (minutes *
Manuel et. al. 2015. Appl. Environ. Microbiol., in press ( ) P < 005
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Electron Microscopy Results

0 mmutes 60 minutes | 240 mmutes
B R T o> . .

Stainless steel

Copper

e VLPs exposure to SS remain dispersed and stable for 240 minutes exposure
* Exposure to copper results in aggregation (60 minutes) and eventually
destruction (240 minutes)
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SDS-PAGE/Western Blot Results

Stainless steel Copper

5 = g § £ 5.8 g o =g £ 5§ £ 8 g

EEE EEEEEETE EEE EEEEEEE
kD= o vw 2 2 & & & & 3 Zocon 228 48 F S
100 . -
70 . : =
SOQD - - VPl-_
40 -

e Rapid loss of HUNoV VP1 capsid protein occurs in
samples exposed to copper, but not stainless steel
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HBGA (Type-A) Binding Assay Results

—=-Stainless Steel —e-Copper

8’120 .
'S 80 -
..g 60 ] Manuel et. al. 2015. Appl. Environ. Microbiol., in press
Q40 -
¥ 20 -
g O I I I I — I hd |
0 2 4 §) 8 10

Exposure time (minutes)

e Exposing Gll.4 VLPs to copper surfaces results in rapid (less
than 10 minutes) loss of ability to bind HBGA receptor

* Gll.4 VLPs exposed to stainless steel retain HBGA binding
ability for several hours (data not shown)
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Major Findings

Expc ‘
Copper surfaces:

S

1. Destroys the

H|§|9V Capsid 2. Destroys the

HuNoV genome

Exposure to copper surfaces results in changes to both capsid and
genome integrity, supporting HuNoV destruction



The Big Picture

* HuNoV is destroyed by
copper containing surfaces

* Incorporating copper touch
surfaces in at risk settings
(cruise ships, restaurants,
restrooms, elder care
facilities) may help reduce
HuNoV environmental
transmission

— Use as an additional “tool”, not
substitute for sanitation
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Extension, Outreach, and

Education Activities

e Extension and Outreach: Translate and disseminate
new knowledge about foodborne viruses into
practices that reach target audiences in relevant
work environments and across a wide array of
stakeholder groups

e Capacity Building: Build scientific and human
capacity to support increased and sustained efforts
in food virology by fostering information and
exchange, expanding professional capacity through
formal student education and training initiatives




Extension Messages for Control
of Foodborne Viruses:

 Foodborne outbreaks from microbial pathogens
continue to have significant public health impacts

— And significant costs to the industry

« Viruses have emerged as the leading cause of
foodborne outbreaks of gastroenteritis

* Not all microbial pathogens are created equal...

— Viruses behave very differently in the environment as
compared to bacteria



Extension Messages for Control
of Foodborne Viruses:

* Viruses of public health significance come from
HUMAN fecal contamination

— Viral pathogens (such as norovirus and Hepatitis A virus)
are generally more host specific than parasitic and
bacterial pathogens

* Viruses are shed in high numbers from infected
individuals

e Viruses are infectious at very low doses



wesmreowversmy]
Extension Messages for Control
of Foodborne Viruses:

 Viruses are stable in the environment and resistant
to chemical disinfectants

« Control strategies can be developed from
understanding how viruses are transmitted
— Through contaminated water
— Associated with vomiting incidents
— Particularly on hands of infected workers

* Prevention is the key for controlling
viral pathogens!



Extension Messages for Control
of Foodborne Viruses:

« Promote thorough and frequent
handwashing!

« Pay attention personal hygiene and
to restrooms!

« Take care to manage vomiting
events!

« Do not assume that simple surface
disinfection with standard chlorine
concentrations will eliminate viruses \
on surfaces (>1000 ppm)! 1

https://edc2.healthtap.com/ht-
staging/user_answer/avatars/1503603/large/open-
uri20131123-1276-djge2j.jpeg?1386665397
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Harvesters: keeping your hands clean

Dirty hands can contaminate produce with viruses that cause human llinesses,
like hepatitis A and norovirus.

Pmﬁon is the best control and good

hand hygiene is critical to making berries safer
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Hand Hygiene sr
Farm Management

Dirty hands can contaminate produce with viruses that
cause human linesses, like hepatitis A and norovirus
Farms need adequate toilet facilities and hygiene tools

Prevention is Key
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Norovirus: the quick & dirty

Symptoms - nausea - vomiting - diarrhea
- stomach pain - sometimes fever and
headache

No symptoms does not mean no virus.
You can still spread the virus after you
recover.

One person’s vomit can contain

billions

of virus particles.

But you have to puke somewhere.

Do it in...
a flushable toilet (lid down when you flush) ora
container you can seal & throw outidisinfect
with liquid bleach.

As few as tex
particles can make
you sick. Your
vomit could infect
100s to 1000s of
people.

Clean It up...
with disposable paper towels
and seal them in a plastic bag to throw out

disinfect the affected area and all surounding
areas up to 6 feet beyond

use chlorine bleach concentrated at 1.5 cups
liquid bleach/ 1 gallon of water

let it sit for at least 5 minutes

repeat if possible, then clean as usual.

Produced by the US DA NIFA Food Vircogy Collaborative [NoroCORE). For mare infio, visit noroconen csu.edu o email nerocone-admin@ncsuedu,
HonCORE is supported by a grant from the United States Department of Agricutture, Mational Institute of Food and Agriculture.




NoroCORE Extension and Outreach:
Don’t Poo in the Blue...

Human sewage in Hhe oceam com cause hwmen lnesses.

what happens? NOYOVIvUS wsmans

sometimes fever. There are milllions of cases each year in
the L5, alone, rasulting In 10005 of hospltalimtiors and
Boat heads araamptiad In watarw2ysof 1005 of deaths. It spreads through the fecal-ordl route

" people poop directly in the water. This {poop to mouthy, byway of food, water, objects, surfaces,
o | wasta may contain norovirus particles. and other people.

Infected people can shed the vins even
whan they are not showing symphoms.

| Your poop mattevs.

Oysters and clams filter vins

particles from the contaminated

water, concentrating them in their
bodies. Morowinuses can remain in the
ensironment for aleng perlod of ime
withoutlosing the abidity to infect people.

. ™ The oysters and clams are harvested
i and served, usually raw or ightly

| steamed. This Light cooking does not
Inactivate norovins, and pecple can
become Ill. They may then spread the
§ wirus to others. Pecple usually recover
without problems, but debydration

ks & concern, and may rarely result in
hospitalization.

Reduce t+he Risk

1} Know the symptoms of norowirus and stay off the boat while ill.

Z) Poop with care. Use a toilet or container for poop and dispose of the contents at
marina stations if possible.

3) Disimfect all items that have contact with poop. Use 1.5 cups of liquid chlorine bleach per gallon
of water and let it sit for at least 5 minutes. Repeat disinfection then clean as normal.

4) Wash hands with soap and water. Do this often, especially after using the bathroom.
Do not rely an hand sanitizers alone, they are not completely effective against norovirus.

el ForoCDRE bisupported by a grant from Be Uniled Slales Departnent of Agri } f Foad asd WL HE Bed,

rm;;m{m Produced by the LSRN Tood Viology Collstonathe [MonCOREL For d, whit thy or el i




Prevewt Poo

A Bulletin for Marvinas

wWhat happewus...

Boak heads are emptied in
wateraays of people poop
directly In the water. This waste
may contaln norosirus partides. B
Infected people can shed thewvirus
evan when they are not showing
SyYMptoms.

g

Crysters and dams filter viruses from the
contaminated water, conoentrating them
In thair bodies. Horowruses can remaln in
8 the emvirenment for a long pencd of tme
without losing the abdity to rnfect people.

The oysters and clams are
harvested and served, usually

raw or lightly steamed. This light
cooking does not inactvate
noresirus, and people can become
1ll. They may then spread the virus
to others. People usually recover
without problems, but dehydration
15 2 concern, and may rarely result
in hospitalization.

Poop matters.

Just one person's poop is enough to cause an
autbreak.
« L gram of poop, about the weight of a fish
hoak, can contain millions of virus particles.
« It only takes 10-100 viruses to get sick.

« The waste from one person can
contaminate an area about the size of 25

m the Blue

Humam sewage i

ocean &waterways cap cause hufnan illnessas

suchas MOV OVILY A S (the *stomach
flu™], which causes nausea, vomiting, diarrhea,
stomach pain, and sometimes fever. There are
millions of cases each yearinthe L.5 alone,
resulting in 1,000s of hospitalizations and 100s
of deaths. It spreads through the fecal-oral noute
(poop to mouth), by way of food, water, objects,
surfaces, and other people.

Reduce the Risk

1} fformatio

1 soap ared veatar, and dried

wd oftan, sspacially aftar using the

Boaters once contaminated a L. 5. Guif Coast
waterway by dumping human waste overboard,
Oysters harvested from that area causad a
norovings outbreak that sickened 200
paople across b states. It only took
this one incident to cause the
outbreak.

Pathral

football fields.
NereCORE rosxessy twvsomsataroosa (RsCAL) Formers bk, v soroors ncmt e vt
Foszd Wirsjogy chu Mool DAL i g ¥ i st from St Depar ol gl
.,.._._..,.:-:.":._..__._ it of Food and Agriceituse, RCH HE Foss,




Extension/Outreach Partnership with the
Interstate Shellfish Sanitation Conference

* NoroCORE convened an expert advisory panel in February, 2014
— Representation on ISSC, FDA, USDA, Sea Grant, and States

* Consensus that the focus of an outreach and educational program should
be PREVENTION of focal contamination events in close proximity to the
shellfish growing waters

* Collaborative partnership to establish a multi-tiered approach for
disseminating information about viral- and other microbial-related risks to
a wide range of shellfish stakeholder groups, including:

1. Commercial Fishermen
2. Recreational Boaters



e
Extension/Outreach Partnership with the ISSC

1. obtain and provide the necessary computer software to “harvesting
states”, enabling them to modify existing ISSC Harvester and Dealer
Training Program templates and design training materials to meet the
NSSP requirements for shellfish harvester and dealer training;

2. provide technical support and assistance to “harvesting states” as
necessary, for them to design and update the ISSC Harvester and Dealer
Training Program templates with their state-specific information;

3. update the existing ISSC educational DVD that focuses on use of pump
stations to reduce illicit overboard waste dumping, by adding virus-related
content for outreach to molluscan shellfish stakeholder groups;



e —
Extension/Outreach Partnership with the ISSC

4. co-sponsor a national conference hosted by the ISSC to share
information about viral ilinesses associated with molluscan shellfish
and novel alternate indicators that may be used for managing shellfish
growing and harvest waters; and

5. develop and conduct a survey to “harvesting states” to assess how best
to disseminate educational information to recreational boaters about
microbial contamination of molluscan shellfish growing and harvest
waters.
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Helpful links

* NoroCORE http://norocore.ncsu.edu/

e CDC norovirus http://www.cdc.gov/norovirus/

 (CaliciNet http://www.cdc.gov/norovirus/reporting/calicinet/

* CDC Vital Signs http://www.cdc.gov/vitalsigns/norovirus/index.html

* (Clean Hands Save Lives http://www.cdc.gov/handwashing/

* Vessel Sanitation Program http://www.cdc.gov/nceh/vsp/

NOROVIRUS

YOU DON'T WANT IT


http://norocore.ncsu.edu/
http://www.cdc.gov/norovirus/
http://www.cdc.gov/norovirus/reporting/calicinet/
http://www.cdc.gov/vitalsigns/norovirus/index.html
http://www.cdc.gov/handwashing/
http://www.cdc.gov/nceh/vsp/

NereCORE

Food Virology

Coliaborative for Qutreach, Research & Education

http://norocore.ncsu.edu/



